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PEOCESS FOR OXYQEN DELIGNIPCATION 

The present: invention relates to a method for 
the oxygen-gas delignif ioation of ohemioal pulp. More 
spLI^cally. the invention relates to the oxygen-gas 
aeUgnificalion of chemical pulp at high oxygen-gas 

""^^""^oxygen-gas aelignification is, one of the methods 
used within the pulp industry to remove ^i^nxn rom the 
, ^ir,^ to the final bleaching stage. The method has 
fn rei: d in s^i icance, because the soluble substances 
t:: are forced in the oxygen-gas delignification process 
Trl returned and burned and therewith, do - 
toxic secondary products in the waste water from the 
, - ::: ching department. The interest in oxygen-gas d^^^^^^ 

nif ication has led to comprehensive ^-^'^J^ ^ 
laboratories around the world. However, there 

nification process has been studied ll-J^;;i;^'^^^ 

" = r;„=".r. 

^, , Teder TAPPI 1979 Pulping Confe- 
advantage . 69.179 has studied the kinetics of 

rxrg:;-rar:rilg:!ficrtirn:'one of the variables being 

30 thfpartial ^ -rar:^ .I-^iratllnTnd on 

o5cvaen-gas pressure on the race wx. a 

oxygen y f e^lectivity is a measure- 

selectivity has been examined. Selective y 
selecti y ,^^^g„e per decrease in kappa number, 

ment of viscosity decrease pet ^ 

. r^-P ^he DulP is a measurement of 

The boundary vxscosity . ^^'^ cellulose and thus 

35 • the degree of P-^^-^^^^^^/^^f '^t/,; .as found that 

provides an indication of pulp quality. 

provioe increased when the oxygen-gas 

the delignification rate increds.«= 
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pressure increased from 1 to 10 bars. However, the 
greatest increase was observed at the lower pressures, 
between 1 and 5 bars, and the increase progressively 
tapered off at pressures from 5 bars up to 10 bars- 
Extrapolation of these results indicates that no appreci- 
able increase in the rate of delignif ication can be 
expected at oxygen-gas pressures above 10 bars. With 
regard to selectivity, L. 01m, A. Teder found that the 
oxygen-gas pressure had no effect at all. 

However, it has surprisingly been found, in 
contradistinction to the data published in the litera- 
ture, that oxygen-gas delignif ication at pressures higher 
than conventional pressures results in considerably 
enhanced delignif ication and. In many cases, in a re- 
tained or improved selectivity. The effect can be uti- 
lized to obtain either more extensive delignif ication or 
to maintain delignif ication at a reduced stay time or 
residence time in the oxygen-gas stage. It is found that 
at retained delignif ication, the boundary viscosity of 
the pulp is equal to that, or in certain cases better 
than that obtained with conventional pressures, i.e. 
selectivity is retained or improved at the higher pres- 
sure . 

As will be evident from the following Claims, 
the present invention thus provides an improved method 
for the oxygen-gas delignif ication of chemical pulp, in 
which oxygen-gas delignif ication is effected at oxygen- 
gas pressures above 10 bars. According to one preferred 
embodiment of the invention, the oxygen-gas delignifi- 
• cation is effected at oxygen-gas pressures ranging from 
15 bars, most preferably between 15-20 bars. It is un- 
necessary to define an upper limit for the oxygen-gas 
pressure, since the method will function well at scill 
higher pressures. The upper limit is governed rather for 
reasons of a process-technical and economical nature. 

It has also been found that the same good effect 
is provided by the inventive method irrespective of the 
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delignification techniques used after the cook. 
t!su!ts are achieved when oxygen-gas treating unbleached 
pulp' and good results are also achieved when ael.gn.- 
'^i'g pulp that has already been oxygen-gas ^^^^^-J-^ 
or whel delignifying oxygen-gas and f 
pulp. The results achieved with oxygen-gas ^eligmfi- 
cat!on and ozone bleaching are improved generally when 
the Lavy »etal content of the pulp can be kept low. 
xreat.e« with chelating agents or complex buUders .s 
possible in different positions in the P-«-' 
Lstance prior to a first oxygen-gas stage, prior to a 
instance prior „rior to- an ozone-bleaching 

second oxygen-gas stage and prior to a 

stage An addition of hydrogen peroxide can be used in 

rixygen-gas delignification process. It can be assumed 
to bl I!ghly probable that the. good effect afforded by 
the Invention will also be obtained when using other 
:':<:;:,,ication. techniques after the cook. There can be 
lirtl'onid by way of example hydrogen peroxide, peracetrc 
Tcld Caros acid, different enzymes (xylanases mannana- 
ses, laccases, peroxidases, and chlorine ^^^^^^^ ^J 
chemical pulp is preferably meant sulphate pulp, soda 
pul^ sulphite pulp and organosol pulps or pulps deriving 
from other solvent-based cooking methods. 

According to known techniques, oxygen-gas delig 
nification of the chemical pulp is carried out in the 
::esence of sodium hydroxide at controlled - 
"ith respect to pulp consistency, treatment times, treat 

^r.A f-inal-nH Conventional conditions 
ment temperature and tinai pn. ^-v-' 

Tre applied when carrying out the present invention, wit* 
Z exception of the high oxygen-gas pressure. Thus, the 
incentive method is carried out conveniently at a pulp 
rsistency of S-SC, preferably 8-15*. The ""P"""- 
Is controlled to levels between f 
,10»C The treatment time may vary from fifteen minutes 
to three hours, although a preferred treatment time is 

• minutes The amount of 

between thirty minutes to ninety minutes, 
between ^ alkali introduced to the system may 

causttic liquor or alKali mti^" 
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also vary within wide limits, depending on pulp type 
differences, cooking conditions, etc. The amount of 
liquor charged may vary from 5-50 kg/ ton, preferably 10- 
25 kg/ ton. The final pH of the pulp is normally control- 
led to lie between 8-12, preferably 10-11. In oxygen-gas 
delignification processes, magnesium sulfate is often 
also added to the pulp, in addition to alkali. The magne- 
sium sulfate is conveniently added in an amount corre- 
sponding to 0-10 kg/ton, preferably 2-5 kg/ton. 

When applying the inventive method on pulp that 
has already been oxygen-gas delignified, the pulp is 
first treated with a chelating agent, or complex builder, 
such as EDTA, in a so-called Q-stage. The pulp is then 
subjected to oxygen-gas delignification in accordance" 
with the invention, as described above .The method can 
also be applied with pulp that has previously been 
treated with a chelating agent in at least one position 
in the process, for instance a pulp that has been treated 
in solely one Q-stage without being oxygen-gas deligni 
fied previous thereto. According to another embodiment of 
the invention, the pulp is treated with oxygen-gas and 
peroxide at high pressure subsequent to the Q-treatment. 

The invention will now be illustrated with refe- 
rence to a non-limiting example. 



Example 

Two different non-bleached softwood sulfate 
pulps were used in the tests. One pulp had a kappa number 
of 29.3 and a viscosity of 1220 dmVkg, and the other had 

30 a kappa number of 15.8 and a viscosity of 1095 dmVkg . 

Magnesium sulfate and alkali (NaOH) were added 
to the pulp at room temperature and mixed in the pulp at 
a 12% pulp consistency. The pulp was then placed in steel 
autoclaves and oxygen-gas was supplied to achieve the 

3 5 desired oxygen-gas pressure. The autoclaves were placed 

in a rotary stand in an air bath. The autoclaves were 
heated to 105 °C and a time count was started. At the end 
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autoclaves were removed 
a desired bleaching time, the autocia 

rr;:: zi ::f irr ^.:n a^... ... .... 

to kappa number and viscosity. _^ 

Further tests were carried out on two different 
oxygen-gas delignified softwood sulfate pulps, wherein 
Z pulp had a kappa nun^er of 12.7 and a — "V °/ 
X090 dJ/kg and the other had a kappa nu,nber of 11.7 and a 
viscosity of 1080 dmVkg. Tests were also carried out on 
geLgas aengnifled softwood sulphice P-P -ing a 

..ppa nu^her ^ " ' ^ /^^rirpLs ic 1^^^^ 

The pulps were placea m t^x ^ . . 

tine agent (EDTA) andsulphur dioxide (SO,) were admixed 
txng -g-"^ consistency. The pulps were 

with the pulp at a lo. puxp ^ ^ „f -rnor and the 

removed after 60 minutes at a temperature of 70 C 
final-oH determined. The pulps were "^^^ed 

in some cases the pulp was delignifiec witn 
o.one after treating the pulp with the 

The pulp was placed in a titanium mixer for laboratory 
usi The pulp was fluidized with the aid of a rapid y 
:::atlng Lbi„e, Whereafter ozone was metered guic ly 

After a fluidizing period of 
from a pressure vessel. Aicex <a 

the pulp was allowed to lie for five 
twenty seconds, the puip w final 

■^■jr^rr ThP DulD was removed , the Einai 
minutes with no mixing. The puip 

pH determined and the pulp washed at a pH of about 7^ 
Pinally. there was used a softwood sulfate pulp which had 
.een dllignified in two previous oxy.en-gas sta.es and 

thereafter treated with a chelating agent (EDTA) and 
thereafter ^^^^^ 9 . 0 and a 

sulphur dioxide. The puip nci" 

viscosity of 895 dmVkg . 

The oxygen-gas delignif ication process was 
carried out in the same way as that described above with 
Tefe ence to non-bleached sulfate pulps. The bleaching 
ToLitions for the different tests are shown below in 
Table 1, where Q-stage (chelating agent) and Z-stage 
(ozone) were only applied in certain tests (see result 
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Tables) . 



Table 1 





O-stage 
(oxygen 
gas) 


Q-stage 
(chelating 
agent ) 


Z-stage 
(ozone) 


(OP-stage) 
(oxygen 
gas/per- 
oxide) 


Const . % 


12 


10 


10 


12 


Temp . ° c 


J. U D 




45 


100 


Time min. 


30-60 


SO 


5 


120 


Charges 
kg/ ton 


NaOH:10-25 

MgS04 : 5 

Q2 : 7-20bax'S 


EDTA : 2 
SO2: 5 


Z : 3 


NaOH: 15-20 
H2O2 : 20-30 


Final pH 


10-11 


5-6 


2-3 


10 .5-11 . 5 



Results of non-bleached pulp. 



Table 2 . Non-bleached softwood sulfate pulp - oxygen-gas 
delignif ication at 15 bars. 



Kappa No . : 


29.3 


Viscosity: 1220 


dmVkg 




Pressure 
bars 


Alkali 
charge 

NaOH 

kg/ton 


Time 
min . 


Final pH 


Kappa 
No. 


Viscosi - 
dmVkg 


7 (ref) 


20 


60 


10 . 9 


16.7 


1080 


15 


20 


60 


9 . 7 


15. 0 


1080 
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comparisons between O-stages at: conventional 7-bar 

w ^h;,r the pulp is delignified more quickly 
pressure shows that the puip is y 2) 

Ld to a greater extent at the higher pressure (Table 2) 
ana to y charge The lower kappa number 

and with the same alkali charge. ^^i^^tivitv is 

is achieved with retained viscosity, i.e. selectivity 

improved. 

I^tl^. Ncn-bleached softwood sulface pulp - oxygen-gas 

delignif ication at 20 bars. 



No. : 25.8 



Viscosity : . 10 95 dmVkg 
Final pH 




W,en making a comparison becwe.n 

(reference) and 20 bars, it was found '"^".^^^^^"^ ,^ 
ion was increased by an amount correspondrng to slxghtly 

Tre than one .appa number unit at the higher pressure 

(Table 3> with identical al.ali charges and txme. When 
he delignification processes were continued for equal 
engths of time, the viscosities were mutually the same, 

i JcH showed that the selectivity had been maxntarned. 
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Results of tests on oyiyoBn-aa s delianified duIp. 

Table 4 . Oxygen-gas delignified softwood sulfate pulp - 
oxygen-gas delignif ication at 15 bars. 

5 

Kappa No.: 12.7 Viscosity: 1090 dm'/kg 



Sequence : OQO 



Pressure 


Alkali 


Time 


Final pH 


Kappa 


Viscosi- 


bars 


charge 
NaOH . 
kg/ton 


min . 




No. 


ty 

dmVkg 


7 (ref) 


14 


60 


10.5 


7 . 5 


970 


15 


14 


60 


10.2 


7 . 0 


990 



15 In tests using pressure of 7 bars (reference) and pres- 

sure of 15 bars, the higher pressure resulted in a lower 
kappa number and higher viscosity at identical alkali 
charges and time (Table 4) . Delignif ication was thus both 
more effective and more selective. 

20 

Table 5 . Oxygen-gas delignified softwood sulfate pulp - 
oxygen-gas delignif ication at 20 bars. 

Kappa No.: 11,7 Viscosity: 1080 dmVkg 

2 5 Sequence: OQO 



30 



35 
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A comparison between the pressures o£ 7 and 20 
bars showed an increased delignification corresponding to 

oars 5nuw= hiaher pressure (Table 

=bout one kappa number unit at the higher p 

;r The delignification could be continuea to a ..... 
^Ippfvalue of one kappa nu^er unit with the same final 

^'^^"^''^The bleaching time reguired to obtain the sa.e 
degree of delignification with a given quantity 
as ^9/-n, at the 20-bar pressure was only about half 
the bleaching time required at the 7-bar pressure. 

Table 6. softwood sulfite pulp was delignified in an 
;;;;^gas stage - oxygen-gas delignif ication/peroxide 
bleaching at 20 bars. 



Kappa No . : 10.7 
Sequence: OQ(OP) 



Viscosity: 985 dmVkg 



30 
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Pres- 


Alkali 


Perox- 


Time 


Final 


Kappa 


Vis- 


Bri - 


sure 


charge 


ide 


min . 


pH 


No . 


cosity 


ght- 




NaOH 


charge 








Qin / Kg 


nes s 




kg/ 












% ISO 




ton 


kg/ 
















ton 












7 


25 


20 


120 


11 . 5 


4 .4 


1010 


85 . 6 


20 


25 


20 


230 


11.3 


3 . 7 


930 


87 , 7 



10 

A comparison between the (OP) stages at a con- 
ventional pressure of 7 bars and a. pressure of 20 bars 
showed a lower .kappa number at the higher pressure. The 
lower kappa number at the pressure of 20 bars was accom- 
15 panied with a higher pulp brightness. 

Result of tests on ozone -de licrnified duIp . 

Table 7 . Oxygen-gas delignified and ozone-delignif ied 
20 softwood sulfate pulp - oxygen-g.as delignif ication at 15 

bars . 

Kappa No.: 12.7 Viscosity: 1090 dmVkg 

Sequence: OQZQO, 5 kg MgS04/ton were added in the Q- 
2 5 stage. 



Pressure 


Alkali 


Time 


Final pH 


Kappa 


Viscosi- 


bars 


charge 


min . 




No. 


ty 




NaOH 








dmVkg 




kg/ton 










7 (ref) 


14 


60 


10.6 


5.7 


895 


15 

- 


16 


60 


10.7 


5 . 2 


875 
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A comparison between the O-stages at the 

• =1 pressure of 7 bars and the pressure of 15 
conventional pressure ol 

bars Showed that much more alkali was consumed at the 
higher pressure with the same final pH, where n the reac- 
tion proceeds more rapidly and therewith results .n a 
lower^cappa number after the same time per.od (Table 6, , 
ihe lower kappa number was accompanied with a sl^^^tly 
lower Viscosity. Selectivity was ■ e^ally as good .n both 
cases. 

p^^nlr, o f t-^^fs on ntilp qengnii: J-g 

stages . 



Viscosity: 895 dmVkg 



3;^ble_8. softwood sulfate pulp delignified in two 
oxygen-gas stages 
Kappa No . : 9 . 0 
53eauence: OOQQ{OP) _ 
;.ddition of S kg p/ton in the second oxygen-gas sta.= . 
5 kg MgSO. were ch arged in the (OP) -stage 

Time 
min . 



Pres- 


Alkali 


Perox- 


sure 


charge 


ide 


bars 


NaOH 


charge 




kg/ 


H2O2 




ton 


kg/ 






ton 



20 



15 



15 



30 



30 



120 



120 



Vis- 
cosity 
dmVkg 



10.6 



10.5 



5.5 



830 



5 . 1 



835 



Bri- 
ght- 
ness 
% ISO 



83 . 8 



85 . 0 



A compariJ 



son between the (OP) -stages at a 
conventional pressure of 7 bars and a pressure 
Showed a lower kappa number and a higher ^^^^^^ 

Q^T activity was therewith better at tne 
higher pressure. Seieccivxi-y 
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20 -bar pressure. 

The lower kappa number obtained at the pressure 
of 20 bars was accompanied with a higher pulp brightness. 

The results obtained showed clearly that oxygen- 
gas, delignif ication carried out at the pressures proposed 
in accordance with the invention markedly accelerated 
delignif ication in comparison with conventional pres- 
sures. This effect was achieved irrespective of whether, 
the treatment was carried on non-bleached softwood sul- 
fate pulp, an oxygen-gas delignif ied pulp or an oxygen - 
■ gas delignified and ozone-delignif ied pulp. The selec- 
tivity was also improved when high pressures were used in 
a first, a second or a third oxygen-gas stage in tests 
carried out on softwood sulfate pulp. The effect of high 
15 pressure could then be used either to extend delignif i- 

cation with retained viscosity or to obtain higher visco- 
sity at given delignif ication . 



10 
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13 
CLAIMS 

1. . A method of oxygen-gas delignifying chemical 
pulp, characterized by carrying out oxygen-gas delignifi- 
cation at an oxygen-gas pressure above 10 bars , a pulp 
consistency of 5-50%, preferably. 8-15%, a temperature, 
between 70-130°C, preferably 90-11000, a treatment time 
from fifteen minutes to three hours, preferably between 
thirty minutes to ninety minutes, and a final -pulp pH 
between 8-12, preferably 10-11. 

2. A method according to Claim 1, characterized by 
carrying out oxygen-gas delignif ication at an oxygen-gas 
pressure from 15 bars. - 

3. A method according to Claim l, characterized by 
carrying out the oxygen-gas delignif ication process at an 
oxygen-gas pressure of 15-20 bars. 

20 4. A method according to any one of Claims 1 to 3 , 

characterized by carrying out the oxygen -gas delignif i- 
cation process on non-bleached pulp. 

5. A method according to any one of Claims 1-3, 
characterized by oxygen-gas delignifying a pulp that has 
first been subjected to oxygen-gas delignif ication . 

6. A method according to Claims 4 and 5, charac- 
terized by also subjecting the pulp to ozone delignifi- 

30 cation. 

7. A method according to any one of Claims 4 to 6 , 
characterized in that the pulp had earlier been treated 
with a chelating agent in at least one position in the 

35 process. 

8 . 



25 



A method according to any one of Claims 1 to 7 , 
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characterized by treating the pulp prior to the oxygen- 
gas delignif ication process with one or more of the che- 
micals hydrogen peroxide, peracetic acid, Caros acid, 
chlorine dioxide or different enzymes such as xylanases, 
5 mannanases, laccases or peroxidases. 

9. A method according to any one of Claims 1 to 8, 

characterized in that the pulp is comprised of sulfate 
pulps, soda pulps, sulfite pulps and organosol pulps, or 
0 pulps deriving from cooking methods based on other 

solvents- 
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